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Lucas, M., et al. (2013)
The evolution of eusociality is one of the major transitions in the history of life, particularly in the insects. Now, fossil termites and ants from Burmese amber offer insights into early stages of eusociality in the Lower Cretaceous.
Eusociality is the most sophisticated form of organization of insect societies, best exemplified in termites, ants and bees. Eusocial insects dominate terrestrial ecosytems and especially termites and ants provide most of the biomass in tropical environments [1] . The origin and evolution of eusociality has been a subject of research ever since Charles Darwin, who in ''The Origin of Species'' described sterile worker castes in the social insects as ''the one special difficulty, which at first appeared to me insuperable and actually fatal to my whole theory''. Since Darwin's magnum opus, a broad theoretical framework has been developed [2, 3] , and more recently even the underlying genomic changes of increasing social complexity have begun to be explored [4] . Another potential key to the evolution of eusocial insects could come from fossils. It has been argued that the fossil record of early eusocial insects is too poor to show the transition from solitary to eusocial life. Therefore, the life history and social biology of the most basal living groups have been investigated [5] . Now, in this issue of Current Biology, two studies of fossil insects -one on termites by Engel et al. [6] and one on fossil ants by Barden and Grimaldi [7] -from 99 million year old Burmese amber impressively reveal that these groups already had advanced sociality and great ecological diversity in the Mesozoic.
All of the about 3100 species of living termites are eusocial, some of them forming massive colonies comprising more than a million individuals. In contrast, only about 60 species of fossil termites have been reported so far from various deposits with nearly 80% of these species preserved in amber from the Early Cretaceous of Lebanon to the Miocene of Mexico and the Dominican Republic ( Figure 1 ) [8] . Surprisingly, the earliest known termite soldiers and worker castes were known only form the Miocene, about 17-20 million years ago. All older fossil termites known so far are winged reproductives. Now, Engel et al. [6] report six species of fossil termite from Early Cretaceous amber from Myanmar for the first time, including worker and soldiers as well as winged reproductive individuals. The new species, Krishnatermes yoddha, comprises all castes, allowing a reconstruction of its phylogenetic position, which is basal in the Euisoptera clade within an extinct grade of ancient Cretaceous termites. Nevertheless, Krishnatermes is phylogenetically more derived than the most ancient living termite, Mastotermes darwiniensis, a relict species only known from northern Australia today. The existence of a termite species exhibiting a highly specialized caste system in a 99 million year old, exceptionally precisely dated amber deposit will be an important cornerstone for the calibration of molecular clocks in the future. The second remarkable finding of Engel et al. [6] is an unusually large sized solider of a termite which they adequately named Gigantotermes rexthe ''giant king termite''. With about 2 cm body length it should correspond to a so far unknown giant winged form with a body length of approximately 2.4 cm and a wing span of about 7 cm. Taking into account that the most important enemies of living termites are ants [9] , the giant soldier of Gigantotermes with its enlarged mandibles and strong head capsule probably was an efficient defender against probably also a large form of ant, which has not been found yet.
With about 13000 living species, ants are not species-rich as other families of hymenopterans but with respect to ecological importance and biomass they surpass all other insect groups in terrestrial ecosystems [10] . The oldest fossil ants known thus far come from the Lower Cretaceous of France and are about 100 million years old, but the most important deposit of Cretaceous ants is the 99 million year old Burmese amber containing more than 50% of all species known from that time [11] . Sociality of Cretaceous ants was only indirectly deduced from fossil material and single characters like the length of the basal antenna segment, which is strongly prolonged and elbowed in living forms, allowing brood care and other social activities [12] . Now, Barden and Grimaldi [7] present direct morphological evidence for advanced social organization in several ants from Lower Cretaceous Burmese amber. They report examples for different reproductive castes, aggregation of workers in single pieces of amber, which might indicate group recruitment, and a case of probable interspecific combat of ants of significantly different size. Even though all of these ants are stem-lineage representatives, which became extinct in the Cretaceous, they show a remarkable diversity of morphotypes indicating a significant adaptive radiation of ants already about 100 million years ago. As the authors point out, their finding is in accordance with the ''dynastic succession hypothesis'' of Wilson and Hö lldobler [13] , which holds the radiation and expansion of modern ant groups during the Early Paleogene responsible for the downfall of the Cretaceous ants.
It has been argued by Wilson and Hö lldobler [1, 14] that during the evolution of colonies in social insects there is a key transition, which they call the ''point of no return'', beyond which it is almost impossible for a species to regress from the eusocial to a presocial or solitary condition of life. The works of Engel et al. [6] and Barden and Grimaldi [7] clearly show that in the evolution of termites and ants this point was already passed about 100 million years ago, indicating an earlier origin of eusociality. The new findings underline the importance of the Burmese amber for reconstructing the evolutionary history of modern insects. They will be important for the calibration of molecular clocks, which strongly depend on precisely dated deposits, careful phylogenetic reconstructions and detailed analyses of complex morphological characters [15] . Finally, the works show a remarkable ecological diversity and radiation of early termites and especially ants, which somehow parallels the evolution of other prominent animal groups, such as the mammals, during the Mesozoic [16] . Temporal ranges (red solid lines) are based on the fossil record, whereas broken red lines indicate possible (eu)sociality without necessarily having morphologically defined castes. Temporal ranges not supported by fossil evidence are denoted by a broken grey line. Grey dots represent fossils found in compression (rock) deposits, light brown dots represent possible trace fossils, and light-orange dots those found in amber. The new fossils reported by Barden and Grimaldi [7] and Engel et al. [6] are shown as star-shaped orange dots (Sources: [17] [18] [19] [20] .)
A dogma in ecology and evolution holds that the environment is an extrinsic force that is not, in turn, shaped by the adaptive evolution of species. Recent work on stickleback life history, community ecology and speciation challenges this dogma.
Eco-evolutionary biology has emerged, in part, from two revelations. First, ecology and evolution can operate on the same time scales. While the timescale of ecological dynamics has always been considered fast -on the order of generations or even an individual's lifeevolutionary change was long believed to require thousands of generations. Yet, pioneering research on ecological genetics and evolutionary dynamics [1] [2] [3] demonstrated that adaptive evolution can be rapid. Second, rapid evolutionary change can alter the environment; the interplay between organisms or populations and environment is bidirectional and dynamic. Organisms modify their environment and how they do this depends on their evolutionary history. In turn, this ecosystem modification can influence ecological interactions and the evolutionary trajectories of one or more species. This feedback loop is the focus of eco-evolutionary biology. In this issue of Current Biology, Matthews et al. [4] and Rudman and Schluter [5] , both using sticklebacks, report on two important components in this growing field. That rapid adaptive evolution in a focal species can alter community structure and ecosystem function is central to eco-evolutionary biology. Linked to ecosystem engineering [6] and niche construction [7] , numerous studies show that the evolutionary history of species or populations can alter ecosystem function and community structure [8] [9] [10] [11] . However, demonstrating this effect does not define a complete feedback loop, whereby these changes subsequently alter the selection gradients that drive the evolution of future generations.
Revealing the identity and effect sizes of evolutionary processes that can act on ecological communities and dynamics is also central to current research. There is compelling evidence that many evolutionary processes can alter ecological interactions with effect sizes on community structure or ecosystem function that are equal to or larger than ecological processes. For instance, rapid local adaptation in life-span and flowering time in the evening primrose underpins predictable change in susceptibility to seed predators [12] . Similarly, (co-) evolution in guppies and killifish can exert a larger effect on ecosystem function than the invasion of killifish into guppy
